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Abstract 



The exclusive electroproduction of lo mesons, ep — > ecup, has been studied in 
the kinematic range 3 < Q 2 < 20 GeV 2 , 40 < W < 120 GeV and \t\ < 0.6 GeV 2 
with the ZEUS detector at HERA using an integrated luminosity of 37.7 pb _1 . The 
lo mesons were identified via the decay lo — » 7r + 7r~7r . The exclusive cross section 
in the above kinematic region is a ep ^ eu , p = 0.108 ± 0.014(siai.) ± 0.026(syst.) nb. 
The reaction ep — ► ecjyp, <f> —> 7r + 7r _ 7r°, has also been measured. The cross sections, 
as well as the ratios <7 7 « J) _> a , J) /cr, 7 *p_>p0p and cr 7 *p^ wp /cr 7 «p^0p, are presented as a 
function of W and Q 2 . Thus, for the first time, the properties of lo electroproduction 
can be compared to those of p°, <j> and J/i[> electroproduction at high W. 
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1 Introduction 



The exclusive photoproduction of vector mesons, p°, to, (j) and J ftp, lias been studied 
over a wide range of the photon-proton centre-of-mass energy W For high W and 

for light vector mesons, these reactions display features characteristic of soft diffr active 
processes, and are well described within the framework of the vector dominance model 
(VDM) H and Regge phenomenology flOfl . In the VDM, the photon is assumed to 
fluctuate into a vector meson (VM), which subsequently interacts with the target proton. 
The expectation of the VDM and Regge phenomenology is that the cross sections for 
exclusive VM production will be in proportions determined by the couplings of the 
photon to the vector mesons and by the elastic VM-proton cross sections. The couplings, 
in particular, are determined by the quark current decomposition of the photon and by 
the quark wave function of the VM. The SU(4) prediction, which ignores the VM mass 
differences, is that the coupling strengths of the photon to the p°,u!,(f> and J/ip mesons 
are in the ratioQ 9:1:2:8. Both at fixed target experiments at W £ 8 GeV and at 
HERA |5|-|7|], the ratio io/p° of the exclusive photoproduction cross sections is found to 
be approximately 1:9, while the 4>/p° and (J/ip)/p° ratios are found to be smaller than 
the SU(4) predicted ratios of photon- VM couplings. 

For high-energy exclusive photoproduction of heavy VMs and for electroproduction 
of all VMs at large virtualities, Q 2 , of the exchanged virtual photon, 7*, an alternative 
production mechanism has been proposed fLl-13|: the virtual photon fluctuates into a 
qq pair before arriving at the target, and it is this qq state that scatters elastically off 
the proton. The VM is formed well after the interaction. If the transverse size of the qq 
fluctuation is small enough, the interaction is expected to become flavour independent 
and the gluons of the proton are resolved [|l4j] . Such a configuration occurs when the mass 
of the quarks is large or if the photon with large virtuality is longitudinally polarized. 
In these cases, perturbative QCD can be applied [11, 12|,|T5|-|l7| and the expectation for 
the ratios of VM production cross sections is given by the ratios of the couplings. 

The HERA measurements of exclusive electroproduction of p° fli~8|,Jl9|, <p [2^,21] and 
J/ip [jl8,22| mesons, as well as the exclusive photoproduction of J/ip |7],|] and T [8,23| 
mesons, are in broad agreement with the expectations from QCD. In particular, the 
sharp decrease of the cross sections with Q 2 , the strong rise of the J/ip cross section 
with W, the change in the W dependence and the broadening of the t distribution of 
the p° cross section with increasing Q 2 show the expected behaviour. With increasing 
Q 2 , the (j)/p and (J/ip)/p° cross-section ratios rise towards the expected values. 

This letter reports the first measurement of the exclusive u electroproduction cross 
section for 40 < W < 120 GeV and 3 < Q 2 < 20 GeV 2 . The u) mesons were identified 
via the decay lo — > tt + tt~7t . Measurements of the exclusive <p electroproduction cross 
section using the 7r + 7r~7r° final state are also reported. The compatibility of the uj/p 
and oj/4> cross-section ratios with the SU(4) hypothesis is investigated. Thus, the data 
presented here permits, for the first time, a discussion of the ratios of the production 
cross sections of all VMs related by SU(4). 



If the coupling strengths are calculated from the VM masses and the measured partial widths, 
T v ^ e+e ~, the ratio becomes 9:0.8:2.4:28 
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2 Experimental conditions 



The measurements were performed at the ep collider HERA with the ZEUS detector 
using an integrated luminosity of 37.7 pb _1 . During 1996 and 1997 HERA operated with 
a proton energy of 820 GeV and a positron energy of 27.5 GeV. A detailed description 



of the ZEUS detector can be found elsewhere 24]. The main components used in this 
analysis are described below. 

The high-resolution uranium-scintillator calorimeter CAL [^5| consists of three parts: 
forward] 2 ] (FCAL), barrel (BCAL) and rear (RCAL) calorimeters. Each part is subdi- 
vided transversely into towers, which are segmented longitudinally into one electromag- 
netic section (EMC) and one (RCAL) or two (FCAL, BCAL) hadronic sections (HAC). 
Each section is further subdivided into cells, which are the units that are read out. 
The relative energy resolutions of the calorimeter, as determined in a test beam, are 
ue/E = 0.18/V^E for electrons and ge/E = 0.35/VE~ for hadrons, where E is expressed 
in GeV. 

Charged-particle tracks are reconstructed and their momenta determined using the 
central tracking detector (CTD) j^6|. The CTD is a cylindrical drift chamber operated 
in a magnetic field of 1.43 T produced by a thin superconducting solenoid. The CTD 
consists of 72 cylindrical layers, organised in 9 superlayers covering the polar angular 
region 15° < 6 < 164°. The transverse momentum resolution for full-length tracks is 
0-px/p.L = 0.0058p_L © 0.0065 © 0.0014/p ± (p ± in GeV). 

The positions of positrons scattered at small angles with respect to the beam di- 
rection are determined by the small-angle rear tracking detector (SRTD). The SRTD is 
attached to the front face of the RCAL. It consists of two planes of scintillator strips, 1 
cm wide and 0.5 cm thick, arranged in orthogonal orientations and read out via optical 
fibres and photomultiplier tubes. It covers the region of 68 x 68 cm 2 in X and Y, ex- 
cept for a 10 x 20 cm 2 hole at the centre for the beam pipe. The SRTD has a position 
resolution of 0.3 cm. 

The luminosity is determined from the rate of the Bethe-Heitler process e + p — > e + jp, 
where the high-energy photon is detected in a lead-scintillator calorimeter located at 
Z = —107 m in the HERA tunnel downstream of the interaction point in the positron 



flight direction [27]. 



3 Kinematics and cross sections 

Figure [l] shows a schematic diagram for the reaction: 

e(k) p(P) -» e(k') V(v) p(P') 

where V is an u or <j) meson and k, k', P, P', and v are the four-momenta of the inci- 
dent positron, scattered positron, incident proton, scattered proton and vector meson, 
respectively. The kinematic variables used to describe exclusive VM production are: 

• Q 2 = —q 2 = — (k — k') 2 , the negative squared four-momentum of the virtual 
photon; 

2 Throughout this paper the standard ZEUS right-handed coordinate system is used: the Z-axis points 
in the direction of the proton beam momentum (referred to as the forward direction) and the horizontal 
X-axis points towards the centre of HERA. The nominal interaction point is at X = Y = Z — 0. The 
polar angle 8 is defined with respect to the positive Z-direction. 
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• W 2 = (q + P) 2 , the squared centre-of-mass energy of the photon-proton system; 



• y = (P ■ q)/{P • k), the fraction of the positron energy transferred to the photon 
in the proton rest frame; 

• t = (P — P') 2 = (v — q) 2 , the squared four- momentum-transfer at the proton 
vertex. 

The kinematic variables were reconstructed using the "constrained" method. This 
method uses the momenta of the decay charged particles measured in the CTD, the 
momenta of the two photons from the tt° — ► 77 decay, measured as described in Section 
5, and the polar and azimuthal angles of the scattered positron measured by the CAL 
and the SRTD. Neglecting the transverse momentum of the outgoing proton with respect 
to its incoming momentum, the energy of the scattered positron can be expressed as: 

E e , ~ [2E e - (E v - pZ)]/(l - cos0 e O 

where E e is the energy of the incident positron, Ey and p v are the energy and longi- 
tudinal momentum of the vector meson V, and 6 e > is the polar angle of the scattered 
positron. The value of Q 2 was calculated from: 

Q 2 = 2E e ,E e (l + cos6 e ,) 

and W and t were calculated as described above. 

In the Born approximation, the virtual photon-proton cross section, c 7 p , can be 
determined from the measured positron-proton cross section: 

a^P = al* p + eaf p = 



rT(Q 2 ,y) dQ 2 dy 

where e = 2(1 — y)/[l + (1 — y) 2 ], i~T is the flux of transverse photons and a 7 -. v and 
o"l p are the transverse and the longitudinal virtual photoproduction cross sections, 
respectively. The cross-section <r 7 * p is used to evaluate the total exclusive cross section, 

"tot 



t7 p — crl p + cr7 p , through the relation: 



^ = TT7R a 



where R = p I<j\ P ■ I n the kinematic range of this measurement, the value of e is 
close to unity, and <t 7 * p differs from cr^ ot p by less than one percent. 



4 Event selection 

Events were selected online with a three-level trigger system. Offline, the following 
requirements were imposed to select candidates for the reaction e + p — > e + 7r + 7r^7r p: 

• the energy of the scattered positron, measured in the CAL, was required to be 
greater than 10 GeV; 
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• the interaction vertex was required to have its Z coordinate within ±50 cm of the 
nominal interaction point and to lie within a transverse distance of 0.6 cm of the 
nominal beam position; 

• in addition to a scattered positron, two oppositely charged tracks were required, 
each associated with the reconstructed vertex, and each with pseudorapidity^ \r\\ < 
1.75 and transverse momentum greater than 150 MeV; 

• in addition to the energy deposits in the calorimeter matched to the scattered 
positron and to the above-mentioned tracks, two further electromagnetic energy 
deposits in the calorimeter were required (see Section 5); 

• to suppress the contribution from proton dissociation (see Section 7), events with 
energy deposits above 800 MeV in the forward calorimeter within a radius of 50 
cm from the Z axis were rejected; 

• to reduce the corrections from initial-state radiation, a cut on the difference in total 
energy and total longitudinal momentum, as measured in the CAL, of E — pz > 
40 GeV was applied. 

In addition, the following cuts were applied to select a kinematic region of high 
acceptance: 3 < Q 2 < 20 GeV 2 , 40 < W < 120 GeV and \t\ < 0.6 GeV 2 . Only events in 
the 7r + 7r~ mass interval 0.3 < M nn < 0.6 GeV were kept for further analysis. 

5 Reconstruction of the 7r° 

The two-photon decay of the ir° was reconstructed using signals in the calorimeter 
combined into condensates, which are objects consisting of adjacent calorimeter cells. 
To reject background from uranium radioactivity in the calorimeter cells, a minimum 
individual cell energy of 100 MeV was required. Only condensates consisting solely 
of cells in the EMC section of the CAL were used. The position and energy, Ej, of 
these condensates were then used to determine the invariant mass, M 77 , of the photon 
candidates, assuming the event vertex as measured by the CTD. 

Uranium noise and CAL cells not correctly matched to charged tracks can yield 
condensates which are misidentified as low-energy photons. Such condensates introduce 
a background contribution to the M 77 spectrum and were largely removed by requiring 
a minimum photon energy of 200 MeV and E~\ + E^2 > 600 MeV, where 7I is the more 
energetic photon. These energy requirements reduced the acceptance of the analysis by a 
factor of two, but reduced the systematic uncertainty on the background subtraction by 
a factor of three. The quantity \E y i — E^\/{E^i + E^), which is particularly sensitive 
to backgrounds, is shown in Fig. |2|a. The data and the Monte Carlo (MC) simulation 
described in Section 6 agree well after the above requirements are applied. The resulting 
M 77 spectrum is shown in Fig. ||b, where a clear 7r° mass peak is seen. A fit to the sum of 
a Gaussian function and a second-order polynomial yielded a mean value of the Gaussian 
of 110 ± 2 MeV, in good agreement with simulation studies of the detector response. 
The difference with respect to the nominal ir° mass is mainly due to the energy loss in 
the superconducting solenoid in front of the calorimeter and was implicitly corrected for 

3 The pseudorapidity r\ is defined as 77 = — ln[tan|]. 
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by the fit explained below. Only events with M 77 < 200 MeV were retained for further 
analysis. 

To improve the resolution in the momentum of the 7r + 7r~7r system, the invariant 
mass of the two photons was constrained to the 7r° mass. The angle a between the two 
photons is well determined by the position information of the condensates, so that the 
resolution in M 77 is dominated by the energy resolution. Thus, only the energies of the 
photons were varied in this procedure. The modified values E^\, of the energies 
i£yl, -E72 of the CAL condensates were determined by minimising the quantity: 

(TP Z7>fit\2 (tp l?fit\2 
X (£ 7 i,£ 7 2) - ~2 1 ~2 

using the constraint: 

M T o = y/2-EZ\E%-(l-cosa) 

where a E at(GeV) oc wE^HGeV) are the corresponding energy resolutions of the calorime- 
ter. 



6 Monte Carlo simulation and acceptance corrections 



A MC generator for exclusive electroproduction of light VMs [28], interfaced to HER- 



ACLES [29 1 to simulate radiative effects, was used to evaluate the acceptance. In this 
generator the cross sections were parameterised over the entire W and Q 2 range using 
the ZEUS data on p° electroproduction |l8| in terms of p ^ Vp and ov[ p ^ Vp ^ where 
V = p°, uj or (ft; s-channel helicity conservation was assumed. The MC samples generated 
in this way display good agreement with the present data, for both uj and (p production. 
Whenever the results of the current analysis are compared to previously published cross 
sections at slightly different values of Q 2 and W, the cross sections have been translated 
to appropriate values using the ZEUS p° cross-section parameterisation. 

The average acceptance for uj mesons is 2.5%, an order of magnitude lower than 
that for the corresponding ZEUS p° analysis. This is mainly caused by the low 7r° 
reconstruction efficiency The corresponding acceptance for (f) mesons is 2.3%. 

The Monte Carlo program DIPSI pOf , based on the model of Ryskin was used 
for systematic checks. 



7 Background 

The main source of resonant background to the exclusive reaction ep — > eVp is the 
proton-dissociative reaction ep — > eVN, where N is a hadronic system produced by the 
dissociation of the proton. The proton-dissociative events in which the hadronic system 
N deposits energy around the beam pipe in the FCAL are removed by the selection 
criteria; the rest are misidentified as ep — > eVp reactions and therefore have to be 
subtracted. The proton-dissociative fraction of events was estimated in the ZEUS p° 
analysis to be (24±§)% for \t\ < 0.6 GeV 2 , independent of Q 2 and W. The same fraction 
was assumed in this study. 
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8 Results 



8.1 Analysis of the mass spectrum 

The invariant-mass {M^^) spectrum for the 7r + 7r _ 7r° system after all offline cuts is shown 
in Fig. ||a. In addition to the u signal, a second peak is visible from the process ep — ► e<pp 
(4> — > 7r + 7r^7r°). The spectrum was fitted with the function: 

/(M 37r ) = gi(M 37T ) + <? 2 (M 37r ) + C(M 37r ) 

where 51 and 52 ar e Gaussian functions to describe the oj and 4> mass peaks, and £ is 
a second-order polynomial representing the background. The latter is mainly due to 
the background under the 7r° peak, as well as to other processes in which an e7r + 7r~7r° 
final state is detected. The fitted values of the to and (ft masses are 787 ± 5 MeV 
and 1019 ± 10 MeV, respectively, compatible with their nominal values |Q| and with 
MC expectations. The values obtained for the widths are dominated by the detector 
resolution. The standard deviations of the Gaussian resolution functions are 38 MeV 
for the u) and 36 MeV for the </>, in accord with the MC predictions. 

The number of u and eft candidates observed after background subtraction was deter- 
mined by integrating the corresponding Gaussian function, which yielded N u = 116 ± 14 
and = 38 ± 11. 

8.2 Cross sections and systematic uncertainties 

The cross sections for the reaction ep — > eVp, where V = to or <fi, were determined using 
the expression: 

Ny ■ A 
CTe P ->eVp ~ Ay . L . Bv 

where Ny is the total number of observed events, L is the integrated luminosity, A is 
the correction for the proton-dissociation background, and Ay and By are the overall 
acceptance and branching ratio, respectively. 

The systematic uncertainties are dominated by the uncertainty in the extraction of 
the number of u or <j) events and the uncertainty of the proton-dissociative background. 
The extraction of the number of events dominates the uncertainty because of the large 
number (nine) of free parameters needed to fit the mass distribution and the small 
number of signal events. When different or M 77 cuts were applied, the shape of the 
mass spectrum changed, which led to differences in the values of the fit parameters, and 
hence the number of resonant events. The systematic uncertainty due to this procedure 
for extracting the number of events is about 15%. The uncertainty in the proton- 
dissociative background was taken from the ZEUS p° analysis. 

In the kinematic range 3 < Q 2 < 20 GeV 2 , 40 < W < 120 GeV and \t\ < 
0.6 GeV 2 , the ui and 4> exclusive electroproduction cross sections are a ep ^ eLOp = 0.108 ± 
0.0U(stat.)±0.026{syst.) nb and a ep ^ e(j)p = 0.220 ± 0.064(stat.) ± 0.077(syst.) nb. The 
corresponding j*p cross sections are presented in Table |l[ 

The measured cross sections for exclusive u production as a function of W and Q 2 
are presented in Figs. ||b and |||c. The corresponding values are given in Tables |2| and ||. 
The exclusive u> photoproduction data (Q 2 ~ GeV 2 ) displayed in Fig. |3|c were taken 
from a previous ZEUS publication [||. The p° data [@,[l8| are also shown for comparison. 
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The measured Q 2 and W dependences for exclusive u production are consistent with 
those for p° meson production [18|. 



8.3 Cross-section ratios 

The u/(f>, u/p , and 4>/p° cross-section ratios, obtained at W = 70 GeV for the whole 
data sample measured here, are listed in Table [j]. 

The ratio tu/cj) = 0.49 ± 0.15(stat.) ± 0.12(sysi.), obtained with the present data, is 
consistent with the value expected from flavour independence. In this case, most of the 
systematic uncertainties are common to the u and <j) cross-section measurements and 
cancel in the ratio. 

In Table |3| and Fig. ||, the ratios of the exclusive u> to p° production cross sections 
are shown for three Q 2 values. The ratio at Q 2 ~ GeV 2 was calculated using mea- 
sured u) H and p° photoproduction cross sections at W = 80 and W = 75 GeV, 
respectively, whereas the ratios at higher Q 2 are for W = 70 GeV. Due to the weak W 
dependence in photoproduction, a direct comparison can be made without correction. 
No Q 2 dependence of the u)/p° cross-section ratio is observed. The ratio is consistent 
with the value expected from flavour independence. 

The (j)/p cross-section ratio from Table [l] is shown in Fig. |j. Also shown in Fig. |] 



are the HI data at Q 2 > 1 GeV 2 |lj and ZEUS data at Q 2 ~ GeV 2 [| and Q 2 
12.3 GeV 2 [20|, all obtained using the (p — > K + K~ channel. The present result is 
consistent with the earlier measurements. The 4>/p° ratio approaches the SU(4) value 
for Q 2 > 6 GeV 2 . 

For both the ui/p and the 4>/p° cross-section ratios presented in this paper, the 
systematic uncertainties on the subtraction of the proton-dissociative background cancel 
in the ratios. The remaining systematic uncertainties were assumed to be dominated by 
the uncertainties on the u and (ft cross section measurements. 

For completeness, the (J/ip)/p° cross-section ratios^ at W = 90 GeV [[7,15] arc 
displayed in Fig. ||. A clear increase of the (J/ip)/p° ratio with increasing Q 2 is observed, 
although the ratio is below the SU(4) value even at the largest Q 2 . A QCD-based 



model [12] is in agreement with this behaviour. 



9 Conclusions 

The reaction ep — > eujp has been studied in the e7r + 7r~7r°p final state for 3 < Q 2 < 
20 GeV 2 , 40 < W < 120 GeV and \t\ < 0.6 GeV 2 . The cross-sections a ep _> eujp and 
°"7*p->u;p have been measured for the first time at high Q 2 . In addition, the cross-sections 
Cep^e^p and <7 7 *p^p have been measured using the same final state. 

The cross-section ratio u/<fi = 0.49 ± 0.15(stat.) ± 0.12(syst.), obtained with the 
present data, is consistent with the SU(4) expectation. 

For the light vector mesons, p°,u) and cj), the cross-section ratios are consistent with 
the SU(4) expectation for Q 2 > 6 GeV 2 . The (p/p° cross-section ratio is suppressed at 
lower values of Q 2 , while the u>/p° ratio shows no dependence on Q 2 . The (J/tp)/p° 
ratio, on the other hand, is a factor of two below that of the SU(4) expectation even at 

4 The recent HI measurements on p° and J/ip electroproduction jn|^2| are not displayed in Fig. ^ 
since the (J/ip)/p cross-section ratios with systematic uncertainties were not published. 
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Q 2 of 13 GeV 2 , although it is rising rapidly with Q 2 . These observations are consistent 
with a production mechanism that becomes flavour independent at a sufficiently high 
Q 2 - 
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Reaction 


Cross section [nb] 
(Q 2 = 7GeV 2 ,iy = 70 GeV) 


7*p — > 


8.5 ±1.1 ±2.0 


1*P -> 4>P 


17.3 ±5.0 ±6.0 


7*p -> 


95 ± 9 ± 5 


Cross-section ratio (Q 2 = 7 GeV, 1U = 70 GeV) 


(T 7 *p^ aJ p/CT 7 *p^0p = 0.49 ± 0.15 ± 0.12 


(TTP-mp/o-^p^/Pp = 0.089 ± 0.014 ± 0.019 


<Vp-*p/<Vp->p°i> = 0.182 ± 0.055 ± 0.061 



Table 1: Exclusive electroproduction cross-section measurements and ratios for u, 
4>, and p° mesons at Q 2 = 7 GeV 2 and W = 70 GeV. The p° cross section is taken 
from a previous ZEUS publication pl|. The first uncertainty is statistical, the second 
systematic. 



W [GeV] 


50 


70 


100 


Number of events 


34 


30 


59 


<J TP ^ P (Q 2 = 7 GeV") [nb] 


6.2 ± 1.5 ± 1.8 


8.0 ±2.1 ±2.4 


12.3 ±2.5 ±3.6 



Table 2: Exclusive u production cross sections for \t\ < 0.6 GeV 2 and Q 2 = 7 GeV 2 , 
measured at three W values. The first uncertainty is statistical, the second systematic. 



Q 2 [GeV"] 


~ 


3.5 


13 


oVp^wp [nb] 


1210 ±120 ±230 


34.2 ±6.8 ±8.6 


2.04 ±0.36 ±0.68 


o 1 , v _ p a p [nb] 


11400 ±300i{^ 


376 ± 27±2s 


24 ± 3 ± 2 


^7*p— »wp/^ y*p—>p°p 


0.106 ±0.011 ±0.016 


0.091 ±0.019 ±0.020 


0.085 ±0.018 ±0.027 



Table 3: Cross-section measurements and ratios for exclusive production of u and p 
mesons at three Q 2 values. The ratios at Q 2 ~ GeV 2 were calculated using photopro- 
duction cross sections for oj at W = 80 GeV || and for p° at W = 75 GeV Q , whereas 
the cross sections at higher Q 2 are for W = 70 GeV. The p° production cross sections 
at high Q 2 are taken from a previous ZEUS publication ji~8|| . The first uncertainty is 
statistical, the second systematic. 
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Figure 1: Schematic diagram of exclusive vector- meson electroproduction in e + p inter- 
actions, ep — > eVp. In this analysis, V is either an to or 4> meson. 
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Figure 2: a) The ratio (E~ f i — E^) / (E^\ + E^) for -zr candidates (solid points), where 
7I is the more energetic photon candidate. The histogram corresponds to the MC 
simulation described in the text. The vertical bars on the histogram correspond to the 
statistical uncertainties of the MC. The statistical uncertainties of the data are smaller 
than the size of the solid points, b) The invariant-mass spectrum for two photons (solid 
points). The line represents a fit to the sum of a Gaussian and a second-order polynomial 
as described in the text. 
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Figure 3: a) The tt + tt~tt invariant-mass spectrum (solid points). The two peaks cor- 
respond to the u and tp mesons. The full line shows the result of the fit explained in 
the text. The dashed line shows the fitted background, b) The dependence of cr^*p~>ujp 
on W at Q 2 = 7 GeV 2 . The full circles are the results from this analysis, and the open 
circles are from the ZEUS p° data [Jig], c) The dependence of a^p-^uip on Q 2 at W = 
70 GeV. The results from this analysis are shown as full circles, while the full star is the 
photoproduction result @. The open circles and star are ZEUS results on the p° cross 
sections at W = 50 GeV 0,£§. 
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Figure 4: The ratios of the u, 4> and J/ip exclusive cross sections to those for the p° 
meson as a function of Q 2 . The co/p and 4>/p° results from this analysis are shown with 
full symbols. The uj) p° photoproduction point (open circle) was calculated using the 
measured cross sections from previous ZEUS publications ||] and ||]. Open squares at 
Q 2 ~ GeV 2 § and Q 2 = 12.3 GeV 2 @ represent the ZEUS (p/p° cross-section ratios, 
while the others represent the HI (j)/p° ratios pi[| ; for both the ZEUS and HI measure- 
ments, the (j) K + K~ channel was used. Triangles represent the (J/i/))/p° cross-section 
ratios |7|,[l8|. The horizontal dashed lines correspond to the SU(4) expectations. 
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